Haemophilus influenzae colonizes upper respiratory tracts, invades respiratory mucous membranes, and causes various systemic diseases, such as meningitis, epiglottitis, and cellulitis. Young children (0 to 4 years old) are most susceptible (27) . These invasive diseases are caused almost exclusively by strains with serotype b capsules which consist of polyribitolribosylphosphate (5). The capsule of H. influenzae type b is regarded as an important virulence factor (16, 22, 23, 26) . Therefore, the purified polysaccharide is potentially suitable for vaccine purposes, but, unfortunately, it is poorly effective in children younger than 18 months old, who have the highest risk for invasive diseases caused by H. influenzae (H. Kayhty, H. Peltola, and P. H. Makela, Fourth International Conference on Immunity and Immunisation in Cerebrospinal Meningitis, Sienna, Italy, abstr. no. 17, 1981; 20) . In adults, a rise in the bactericidal titer against type b polysaccharide, as well as against outer membrane protein and lipopolysaccharide, has been found after vaccination with conjugates consisting of polysaccharide and outer membrane complexes (1) .
Since the usefulness of these outer membrane components as vaccine constituents depends on their general occurrence in disease isolates, characterization of outer membrane components is required. Loeb and Smith (12) have shown that the outer membranes of both encapsulated and nonencapsulated strains of H. influenzae have various major proteins, named a to f based on their relative positions in sodium dodecyl sulfate (SDS)-polyacrylamide gels. The patterns of these protein bands in SDS-polyacrylamide gels are strongly variable, especially among nontypable strains (12) . Type b strains appear to have eight different patterns for the major outer membrane proteins (13 21 different patterns, 6 of which were predominant (2, 3, Loeb (12) . All strains were subcultured on GC agar base plates (Oxoid Ltd) supplemented with (per liter): 10 g of hemoglobin (Difco Laboratories), 5 g of glucose, 1 g of L-glutamic acid, 3 g of L-cystein, 10 mg of ferrinitrate, and dialysate from 10 g of bakers yeast and examined for NAD and hemin requirements (11) . Serotyping of the capsular polysaccharides was performed by coagglutination with Formalin-fixed cells of Staphylococcus aureus carrying protein A (Cowan I, NTCC 8530), coupled with rabbit antisera which were specific for the polysaccharide serotypes a to f as described previously (6) . The antisera were raised and absorbed as described previously (6) . Cells were grown overnight with aeration in brain heart infusion broth (Difco), supplemented with NAD and hemin (each, 10 ,ug/ml; Sigma Chemical Co.) and harvested by centrifugation (10 min at 10,000 x g).
Isolation and analysis of membranes. Cell envelopes were obtained after ultrasonic disruption of the cells by differential centrifugation as described previously (15) . Outer and cytoplasmic membranes were isolated according to a modification of the method of Heerikhuizen et al. (28) , which basically consists of the standard method of Osborn et al. (18) . All procedures were performed at 0 to 4°C. Cells obtained from 200 ml of culture were suspended in 4 ml of 200 mM Trishydrochloride (pH 8.0)-i mM MgCl2-0.2 mM dithiothreitol. At t = 0 min, 6 ml of 200 mM Tris-hydrochloride (pH 8.0)-0.2 mM dithiothreitol was added, followed after 1 min, by addition of 100 ,ul of 100 mM EDTA and after 2 min, by addition of 0.5 ml of 1 M sucrose was added. At t = 3.5 min, 400 p.l of lysozyme solution (0.55 mg/ml) was added, followed by 20 ml of water at t = 4 min. Spheroplast formation, judged by phase-contrast microscopy, was >90%. Spheroplasts were collected by low-speed centrifugation (20 min at 5,000 x g) and lysed osmotically by being suspended in 20 Fig. 1]) . Peak fractions were pooled. The upper (cytoplasmic) band had a specific gravity of 1.18 g/cm3, and the lower (outer membrane) band had a specific gravity of 1.24 g/ cm3. NADH-oxidase was determined as the marker enzyme for cytoplasmic membrane as described previously (18) . More than 90% of the enzyme activity was associated with the upper band. After dilution of the gradient fractions to a final sucrose concentration of 10%, the membranes were collected by ultracentrifugation (2 h at 200,000 x g), washed with 2 mM Trishydrochloride (pH 7.8), and centrifuged (1 h Outer membrane complexes were obtained with the LiCl-EDTA extraction method developed for Neisseriaceae (8) or by extraction of complete cell envelopes with Triton X-100-Mg2" as described previously by Schnaitman (25) .
SDS-polyacrylamide gel electrophoresis. The proteins of total cell envelopes and isolated membrane (complexes) were analyzed on an 11% SDS-polyacrylamide gel by the method of Lugtenberg et al. (15) . Where indicated, the running gel was supplemented with 6 M urea (19) . Membrane (complexes) were solubilized in sample buffer (0.0625 M Tris-hydrochloride [pH 6.8]-10% glycerol-2% SDS-5% 2-mercaptoethanol-0.001% bromphenol blue) and heated for 10 min in a boiling water bath before they were applied to the gel (unless otherwise indicated). Gels were fixed and stained with 0.05% Coomassie brilliant blue in 10% acetic acid-25% methanol in water and destained in 10% acetic acid-25% methanol. Molecular weights of the proteins were determined relative to phosphorylase b (94,000), bovine serum albumin (67,000), ovalbumin (43,000), carbonic anhydrase (30,000), soybean trypsin inhibitor (20,100), and a-lactalbumin (14,400).
Heat modifiability of outer membrane proteins. Heat modifiability of cell envelope proteins in SDS was examined by incubating cell envelopes for 10 min at various temperatures between 30 and 100°C in sample buffer before they were applied to the gels.
Sensitivity of cell envelope proteins. Sensitivity of cell envelope proteins to proteolytic degradation was determined by incubation with trypsin (100 ,ug/ml in 10 mM Tris-hydrochloride [pH 8.0] for 15 min at 37°C). Subsequently, the cell envelopes were cooled to 0°C, recovered from the incubation mixture by centrifugation (30 min at 225,000 x g), washed twice with 10 mM Tris-hydrochloride (pH 7.8)-0.3 M NaCl, and finally washed with 2 mM Tris-hydrochloride (pH 7.8). The protein patterns on the gels were analyzed as described above.
Peptidoglycan-associated proteins. Peptidoglycan-associated proteins were identified as described by Lugtenberg et al. (14) for Escherichia coli. In short, cell envelopes were incubated, at various temperatures between 30 and 100°C, with the sample buffer for electrophoresis. Alternatively, cell envelopes were extracted for 1 h at 37°C with 0.0625 M Tris-hydrochloride (pH 6.8) containing 0.5% Triton X-100 and 0.2% SDS. The peptidoglycan-associated proteins were recovered in the pellet after centrifugation for 30 min at 40,000 x g.
Immunological cross-reactivity of outer membrane proteins. Homology among the heat-modifiable protein and the porins of E. coli K-12 Fig. 4 . The patterns of the proteins on SDS-polyacrylamide gels were strongly heterogeneous (Fig. 4A ). For some strains only one major band was visible where proteins b, c, and d were expected (lanes 5, 7, and 14). Electrophoresis in SDS-urea gels resolved a second band in strain 1481 (Fig. 4B , H. influenzae b lane 5). The proteins at this band and at similar ell envelopes were bands for the other strains were heat modifiable SDS by incubation (Fig. 4C) 
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ic determinants as occur in pore proteins of E. coli. However, none of the outer membrane proteins of H. influenzae reacted in GIRAs with the antisera directed against the pore proteins of E. coli. Immunological cross-reactivity between the heat-modifiable proteins d (and d*) of various H. influenzae strains and the heat-modifiable protein of E. coli K-12 (OmpA protein) were found in GIRAs when antiserum raised against the purified E. coli protein was used. Fig. 5 shows the result for strain 760705, which indicates that protein d was the only cross-reactive protein.
Sensitivity for proteolytic digestion of outer membrane proteins was tested by treating membranes with trypsin. Fig. SA (lane 4) shows, with strain 760705 as an example, that proteins a, d, k, and several minor proteins were degraded. New bands appeared in the gel, among which a major band with a molecular weight of 27,000. This is most likely a membrane-associated fragment of protein d, since it reacted to some extent spheroplasts (Fig. 2) . These proteins were not found in cytoplasmic membranes. on October 28, 2017 by guest http://jb.asm.org/ Downloaded from ton X-100-MgCl2, heat modifiability in SDS, sensitivity to trypsin, and cross-reactivity with E. coli heat-modifiable protein. Proteins b and c were the only major proteins which could not be characterized in this way because they did not react. Experiments are under way to obtain specific antisera which can be applied in several immunological tests. None of the outer membrane proteins had biochemical properties which are characteristic for pore proteins as found for Enterobacteriaceae (17) , i.e., none were (i) peptidoglycan associated in 2% SDS at 60°C, although protein c appeared to be peptidoglycan associated in the presence of 0.5% Triton X-100-0.2% SDS at a low temperature (37°C), (ii) visible as dimers and trimers if non-heat-modified samples were applied to SDS gels, or (iii) cross-reactive with the porins of E. coli K-12. However, in Neisseria gonorrhoeae (7), porins are also not peptidoglycan associated. Although the heat-modifiable proteins of H. influenzae and E. coli were cross-reactive immunologically, the lack of cross-reaction between the porins of E. coli and some proteins of H. influenzae is not unexpected, since porins are less well conserved in evolution than heat-modifiable proteins (4).
Heat-modifiable protein d plays an important role in the definition of various protein subtypes. Insufficient heating of the samples in SDS resulted in variable amounts of both the modified and unmodified forms (2, 3, 12, 13) . Treatment for 10 min in a boiling water bath is therefore required as a standard procedure.
SDS-polyacrylamide gel electrophoresis on SDS-urea gels appeared to be a useful addition for the analysis of cell envelope proteins, since a protein band with a molecular weight of 39,000 was resolved which comigrated with proteins b and c in gels without urea. This outer membrane protein was resolved in many H. influenzae strains investigated, consistently yielding the same molecular weight.
Proteins with properties similar to those of H. influenzae type b 760705 (heat modifiability, sensitivity to trypsin, and immunological crossreactivity) were identified in a variety of both encapsulated and nonencapsulated strains, even though they had different molecular weights (with the exception of protein e). This implies that these proteins may be useful for vaccine purposes, since they share common physical properties or are immunologically cross-reactive. Such studies are currently in progress in several laboratories (1, 24) . In this respect, it is interesting that antisera raised in rabbits against cells of H. influenzae type b 760705 reacted in GIRA not only with major proteins of the homologous strain but also with proteins of various other H. influenzae strains, indicating that they also have antigenic sites in common (unpublished data).
